In order to constrain tectonic models for the nature of the Eoalpine high pressure belt at the eastern end of the Alps, we investigate the formation pressure of metamorphic rocks along a profile between the Koralpe and the well-known UHP rocks of the southern Pohorje mountains. Rocks from three different regions are considered: (i) the rocks of the southernmost Koralpe to the north, (ii) the rocks of the Plankogel Unit between the Plankogel detachment and the Drava valley and (iii) the rocks between the Possruck range and the southern Pohorje mountains. In the Koralpe, pelitic rocks record a formation pressure around 15 -18 kbar, as reported in the literature. For the Plankogel Unit, we derive pressures between 7.1 ± 1.95 kbar and 11.5 ± 3.42 kbar at 650 °C and recognize only a single Eoalpine metamorphic event.
Introduction
Slab extraction on an orogenic scale describes the downward removal of a large body of rocks within a subduction zone (Froitzheim et al., 2003 . In the Saualpe-Koralpe-Pohorje regions of the Eastern Alps, this process has been proposed as a mechanism to explain the partial exhumation of high grade metamorphic rocks (e.g. Janák et al., 2009 Janák et al., , 2015 De Hoog et al., 2009 ). There, the southward dipping Plattengneis-Plankogel shear zone (detachment) was recently suggested to be the trace of a slab that was extracted in the context of Eoalpine subduction (Schorn and Stüwe, 2016) . This interpretation is consistent with a decrease in formation pressure for the metamorphic parageneses from 23 -24 kbar to 12 -14 kbar across the south dipping shear zone (Schorn and Stüwe, 2016) , but these authors also recognized some shortcomings of this model. More importantly, however, formation pressure of rocks increases again further south in the Pohorje mountains (up to 40 kbar for garnet peridotites in the Slovenska Bistrica ultramafic complex (Janák et al., 2006; De Hoog et al., 2009) ).
The reappearance of high-pressure metamorphic rocks south of the hanging wall of the inferred extraction fault is -at first sight -puzzling (Fig. 1) . Indeed, it raises questions about the role of slab extraction in connection with the exhumation of high-and ultrahigh-pressure rocks in the Pohorje area and to what extent the Saualpe, Koralpe and Pohorje regions share a common tectonic history. Answers to this puzzle can be supported by a careful documentation of the metamorphic field gradient across the region.
In this paper, we follow up from studies of the metamorphic pressure in the Koralpe (e.g. Tenczer and Stüwe, 2003) and investigate the metamorphic field gradient in a region where little data exist. This is the region between the well-known Koralpe-and the Pohorje areas. We focus in particular on the formation pressure of the high grade metamorphic parageneses. The results of this documentation support a model that explains the Pohorje and Koralpe regions in terms of a common slab-extraction process. The Plankogel detachment represents the southern, abrupt termination of the eclogite facies peak conditions in both the Koralpe and the Saualpe regions. This detachment is an east-west striking and southward dipping shear zone with top to the south motion, juxtaposing the eclogite facies rocks of the Koralpe towards the amphibolite facies rocks further south (Gregurek et al., 1997; Tenczer and Stüwe et al., 2003; Eberlei et al., 2014) . The Plankogel Unit in the immediate hanging wall of the detachment consists of an approximately 400 m thick sequence of mainly garnet-micaschists of substantially lower formation pressures that crops out in the southernmost Koralpe and the Possruck range (Gregurek et al., 1997) . Pressures determined for the Cretaceous event in this unit are generally between 7 -10 kbar with temperatures of 550 -600 °C and around 5 kbar and 540 °C for an earlier Permian event (Gregurek et al., 1997; Thöni and Miller, 2009) .
Between the Plankogel Unit and the Pohorje mountains, the metamorphic field gradient in the high pressure rocks is not well known. This is in part because the investigation of this transect is complicated by the fact that it is interrupted by several different units: In the immediate hanging wall of the Plankogel Unit there are two low grade units of phyllites with minor limestone, interpreted to be part of the Upper Central Austroalpine, i.e. the hanging wall of the Eoalpine subduction zone (Kirst et al., 2010) . These units are also found south of the Plankogel Unit in the Saualpe transect (Wiesinger et al., 2006; Neugebauer, 1970) . These slates and phyllites are overlain by relicts of unmetamorphosed Permo-Triassic and Senonian sediments (Hinterlechner-Ravnik, 1977) that only crop out in the western end of the region. The metamorphic field gradient in the central part of the transect between Koralpe and Pohorje is obscured by a Miocene batholithic intrusion (Fodor et al., 2008; Trajanova et al., 2008) . This intrusion is accompanied by rhyodacitic dykes and thin lamprophyre dykes in the northwest and west of the pluton . Finally, in some regions Miocene sediments cover all of the above described units, in particular in the Ribnica trough south of the Drava valley (Fig. 2) .
Slab extraction in the Koralpe-Pohorje transect
The model of slab extraction for the exhumation of the high pressure rocks described above is based in part on the structural relationships of the different units and in part on the evidence for partial overprinting of the parageneses at lower pressure (Froitzheim et al., 2003; Janák et al., 2004 Janák et al., , 2006 . Structurally, the model involves the downward extraction of a mantle and lower crustal wedge overlying the subducted rocks, thus allowing these very deeply subducted rocks to be partially exhumed. The high pressure rocks from both the Koralpe region and the SBUC are interpreted to have been part of the downgoing lower plate below the extracted wedge (Kirst et al., 2010) . The timing of this process is constrained by
Geological setting
Following the closure of the Meliata Ocean in the Jurassic, the continuing north-south convergence between Africa and Europe led to convergence within the Adriatic plate (Stüwe and Schuster, 2010) . Around 145 Ma, this led to the initiation of a south-to southeast-dipping, intra-continental subduction zone (Janák et al., 2004; Stüwe and Schuster, 2010) . The ongoing subduction led to thrusting and nappe stacking in the northern Adriatic continental block and to high-and ultrahigh-pressure metamorphism (Janák et al., 2004) . The high pressures determined for these rocks indicate burial depths of up to 100 km (Janák et al., 2015) . The Eoalpine high pressure metamorphic belt is interpreted to be the present day reflection of these dramatic Cretaceous processes (Thöni and Jagoutz, 1993) and the Koralpe-Saualpe-Pohorje regions preserve the most complete record of this geological evolution and its subsequent exhumation history (Fig. 1) .
The Pohorje mountains at the southern end of this transect are interpreted to be the most deeply subducted part of the Alps during the Cretaceous orogeny (Janák et al., 2004 (Janák et al., , 2005 (Janák et al., , 2006 (Janák et al., , 2015 Thöni, 2006; Miller et al., 2007; Kirst et al., 2010) . In the Slovenska Bistrica ultramafic complex ("SBUC" after Janák et al., 2006) in the south of the Pohorje mountains, eclogites yield peak metamorphic conditions at 30 -31 kbar and 760 -825 °C according to Janák et al. (2004) or 30 -37 kbar and 710 -940 °C according to Vrabec et al. (2012) , whereas the garnet peridotites may even have suffered 40 kbar at around 900 °C (Janák et al., 2006; De Hoog et al., 2009 ). Earlier studies, on the other hand, had determined lower conditions at 18 -25 kbar and 630 -700 °C (Sassi et al., 2004) and >21 kbar and <750 °C for eclogites. Since then, Janák et al. (2015) could verify UHP conditions by investigating diamonds in both, eclogites and gneisses of the SBUC. For metapelites in close vicinity of the SBUC, peak pressure values of 27.5 kbar at 780 °C (Hurai et al., 2010) and 21 -27 kbar at 700 -800 °C were calculated. The decompression conditions were determined through a lower pressure overprint at about 9 kbar at 720 °C (Hurai et al., 2010) and 5 kbar at 550 °C . Structurally, the SBUC is interpreted to be the core of an antiformal structure known as the Slovenska Bistrica antiform that formed during the exhumation stage (Kirst et al., 2010) (Figs. 1, 2) .
In the Koralpe region at the northern end of the transect, a metamorphic field gradient has been determined in metapelites (Tenczer and Stüwe, 2003) . This gradient increases continually in pressure from about 10 kbar in the north to eclogite facies pressures around 17 kbar in the central Koralpe. Eclogites in the region have yielded somewhat higher pressures around 20 kbar at 700 °C (Hoinkes et al., 1999) . In the Saualpe to the west of the Koralpe, a similar gradient has been documented but peak pressures are somewhat higher: about 22 kbar and 630-740 °C are documented for the highest grade rocks there (Thöni et al., 2008; Schorn and Stüwe, 2016) . the downwards extracted slab (Schorn and Stüwe, 2016; Eberlei et al., 2014) . Petrologically, this model is supported by observations that record an amphibolite facies overprint over the eclogite facies parageneses suggesting a hiatus in the exhumation history. This hiatus in the eclogite facies rocks of the Saualpe, Koralpe and the Pohorje regions is suggested to have occurred when the lower plate was joined with the upper plate following the downward extraction of the slab, but prior to final exhumation. Conversely, in the amphibolite facies rocks of the Plankogel Unit, this overprint is notably absent (Schorn and Stüwe, 2016) . The final exhumation of the entire transect to the surface occurred by erosion driven exhumation in the uppermost Lu -Hf garnet chronometry that yields ages from 97 to 90 Ma for eclogites in the SBUC (Sandmann et al., 2016) and by Sm -Nd dating of garnet in metapelites that shows ages of 93 -87 Ma (Thöni, 2002) . These values are similar to the ages of high-pressure metamorphism and cooling ages for the Koralpe and Saualpe (Thöni and Jagoutz, 1992; Thöni and Miller, 1996; Miller and Thöni, 1997; Thöni, 2002) , suggesting a common tectonic history during the Eoalpine subduction and exhumation (Janák et al., 2004) . Within the slab extraction model, the Plankogel detachment and the Plattengneis shear zone of the Koralpe are interpreted to be both part of the same shear zone system ("PGPK shear zone" after Schorn and Stüwe, 2016) and to represent the suture of Permian andalusite (Tenczer and Stüwe, 2003; Schuster and Stüwe, 2010) .
Pelitic rocks of the Plankogel Unit
Garnet-micaschists of the Plankogel Unit are often characterized by large garnet porphyroblasts (Kleinschmidt, 1975) . The matrix is made up of quartz, white mica and biotite. The paragenesis of the Plankogel rocks is largely identical to the those in the Koralpe, but it formed at lower pressure which is -in part -evidenced by the fact that staurolite is part of the inferred peak paragenesis (Schorn and Stüwe, 2016) .
Garnet forms porphyroblasts with diameters of up to 1 cm (Fig. 3a, b, c) . Most of them also exhibit some sort of compositional or textural zoning (Fig. 3) . X Fe (= molar Fe/ (Fe + Mg)) varies in zoned garnets between 0.91 and 0.96 whereas X Ca (= molar Ca/(Ca + Fe + Mg)) ranges from 0.12 at the rim to 0.03 towards the core. Some garnet cores still preserve relics of the Permian metamorphic event (Thöni and Miller, 2009) . Representative mineral analyses of a zoned garnet are shown in the supplementary material Tab. S1. Inclusions of quartz, biotite, white mica, chlorite, chloritoid and staurolite occasionally occur within garnets.
White mica can be found throughout all thin-sections occurring either as mica fish, as smaller grains distributed within the matrix or as inclusion in garnets. In some samples, it is characterized by very small grains making up a fine matrix. Mineral analyses show that white mica in the Plankogel Unit is typically muscovite. Biotite occurs in most samples as fine grains within the matrix or as inclusions in garnet. It also occurs in association with chlorite on the outside of larger garnet grains.
Plagioclase is only present in small amounts in sample AH4 (Fig. 3e ). Small grains of plagioclase can be found within the quartz-dominated matrix. Staurolite is common in most samples of the Plankogel Unit. It appears in several thin-sections in the shape of subhedral elongated grains with up to 3 mm length. They were found within the matrix or as inclusions within a garnet. Zoisite was found only in sample AH4 in the shape of needles following the orientation of the foliation (Fig. 3f ) . Chloritoid occurs only in samples AH87 and AH83 either as inclusion within a garnet or in the matrix. Grains are euhedral and up to almost 1 mm in length. Chlorite is present in most samples within the matrix or as inclusion in garnets. Late chlorite rimming garnet and biotite was also found. Kyanite is only found in sample AH63 as small grains within the matrix (Fig. 3d) . Accessories are mostly rutile, epidote and opaque phases such as ilmenite. The inferred equilibrium assemblage used for pressure calculations is garnet + muscovite + biotite ± plagioclase ± staurolite ± zoisite ± chloritoid ± chlorite + (kyanite + quartz + H 2 O).
Pelitic rocks of the Pohorje region
The metapelites of the Pohorje region include not only high metamorphic grade gneisses, but also phyllitic Cretaceous and the Paleogene (e.g. Neubauer, 1995) and through east-to north-east-directed low-angle extensional shearing during the Early to Middle Miocene (Fodor et al., 2002) .
Petrography and mineral chemistry
For the purpose of this study, some 120 samples were collected from high grade metamorphic rocks in the southern Koralpe, Plankogel and northern Pohorje regions to cover a north-south profile as shown in Figs. 1 and 2. The low grade phyllites were not sampled. Amphibolites, eclogites, strongly weathered samples, and samples which appeared to have a lack of petrologically useful phases were neglected and 43 thin sections of metapelitic gneisses were cut. The thin-sections were analyzed under a polarizing microscope and a subset of 20 samples was chosen for further analyses with the electron microscope and geothermobarometric calculations. Mineral chemical analyses were carried out using a JEOL JSM-6310 scanning electron microscope equipped with a Link ISIS EDX-System and Microspec WDX-600i system at the Institute of Earth Sciences, University of Graz, Austria. Measurements were performed on polished, carboncoated thin-sections with measurement conditions of 15 kV acceleration voltage and 6 nA beam current. Representative mineral analyses are shown in Tabs. 1 and 2. Mineral abbreviations are according to THERMOCALC (Holland and Powell, 1998) and we note that THERMO-CALC terms all white mica as "muscovite". The results were spatially projected onto a profile from northwest to southeast as shown on Fig. 2 .
Pelitic rocks of the Koralpe
Pelitic rocks in the Koralpe region north of the Plankogel detachment have been well-described in the literature (e.g. Gregurek et al., 1997; Tenczer and Stüwe, 2003; Miller and Thöni, 1997 and references therein) and this information is only briefly summarized here. The typical assemblage includes garnet, white mica, biotite, plagioclase and quartz, together with or without kyanite (e.g. Eberlei et al., 2014) . In the Plattengneis, potassium feldspar is also abundant, but it is usually mantled by thin seams of plagioclase or quartz and is inferred to be related to deformed Permian pegmatite remnants and not part of the Eoalpine equilibrium assemblage (Tenczer et al., 2006) . Garnet porphyroblasts are present in all assemblages of the pelitic rocks and are rich in inclusions (Gregurek et al., 1997; Tenczer and Stüwe, 2003) . Larger garnets typically have Permian cores and Eoalpine rims (e.g. Schuster and Stüwe, 2008; Thöni and Miller, 2009) . Garnets within the gneisses are partly boudinaged and often surrounded by biotite (Kurz et al., 2002) . White mica is often seen to be mantled by biotite (Eberlei et al., 2014) . In the footwall rocks of the Plattengneis shear zone, staurolite is occasionally present and may appear as coarse grains, in particular in the southern parts of the Koralpe region (Tenczer and Stüwe, 2003 units. However, here we focus only on the high grade rocks (Fig. 2) . These are mainly coarse-grained gneisses and micaschists with a similar assemblage. They are commonly foliated and show a general mineralogical composition of quartz + garnet + white mica + biotite ± plagioclase ± staurolite ± zoisite ± chloritoid ± chlorite ± kyanite (Fig. 4) . Garnet grains are mostly subhedral and slightly fractured. Samples in the Pohorje region include significantly smaller specimens than in both, the Koralpe and the Plankogel rocks with less obvious optical or compositional zoning. Inclusions of quartz, biotite, white mica and chlorite occasionally occur within the garnets (Fig. 4a-f ) .
White mica can be found throughout all thin-sections in varying quantity. White mica occurs either as big mica fish, as smaller grains distributed within the matrix or as inclusion in garnets (Fig. 4d, e) . Mineral analyses show various compositions for the white micas in different samples. Al 2 O 3 ranges around 30-34 wt%, MgO varies around 0.5 to 2.5 wt%, Na 2 O lies typically between 0.5 and 2 wt% and K 2 O ranges around 8.5-11 wt%. It can be concluded that most samples in the Pohorje region are phengitic white micas. Mineral analyses are shown in Tabs. 1 and 2. Biotite occurs in most samples as subhedral elongated grains within the matrix or as inclusions in garnet.
Plagioclase was only found in some thin-sections and always in relatively small amounts within the matrix (Fig. 4c ). Staurolite appears occasionally as small grains within the matrix (Fig. 4f ). Staurolite is rare in samples collected from the Pohorje mountains.
Chlorite is found in most samples within the matrix or as inclusion in garnets. Chlorite also occasionally appears to be of secondary nature, for example, on the edge of biotite grains. Kyanite is only sporadically present within the examined thin-sections and can be found as small grains within the matrix in samples AH29 and AH56. Accessories are mostly rutile, late epidote and opaque phases such as ilmenite. The inferred equilibrium assemblage is garnet + muscovite + biotite ± plagioclase ± staurolite ± zoisite ± chloritoid ± chlorite + (kyanite + quartz + H 2 O).
Geothermobarometry
Chemical compositions of minerals of the inferred equilibrium parageneses were recalculated with the program AX (http://www.esc.cam.ac.uk/research/ researchgroups/research-projects/tim-hollands-software-pages/ ax) in order to obtain end-member activities. Water is assumed to be in excess in all samples. Geothermobarometry was then performed using THERMOCALC version 3.33 (http://www.metamorph.geo.uni-mainz. de/thermocalc; Powell and Holland, 1988) and the internally-consistent thermodynamic dataset of Holland and Powell (1998) . Calculations were performed with the average P-T method (mode 2), as well as the average P method (rock calculations type 1) of Powell and Holland (1994) . After setting either a temperature window or a fixed temperature, pressure values are calculated for the desired conditions. The output pressures are given with a corresponding error margin and sigfit value. The sigfit value shows the quality of how well selected endmember activities match among one another (Powell and Holland, 1994) . The smaller the sigfit value the more accurate and reliable the result. Different combinations of mineral analyses were tested for each individual sample in order to keep the error margin and sigfit values as low as possible and achieve reliable results.
In view of our aim to derive peak formation pressure for the metamorphic parageneses it is important to note that Janák et al. (2009) performed calculations of formation conditions for metapelites in the immediate surroundings of the SBUC and argued that pressures calculated with the full assemblage reflect an equilibration event at lower pressure and not the peak pressure metamorphic conditions. They derived the peak pressure conditions by using only garnet cores + phengitic white mica + kyanite + quartz. This method yielded significantly higher pressures which are, however, still considered as minima due to the possibility of diffusion-related modification of the garnet composition at high temperatures and the re-equilibration of phengite during early stages of decompression ).
Geothermobarometric results
In view of the suggestion by Janák et al. (2009) , two sets of barometric calculations were performed for each sample: (a) for the complete Eoalpine equilibrium assemblage as described above and (b) for the assemblage g + mu + ky + q, which may be useful to extract the highest pressures the rocks experienced during Eoalpine metamorphism. In this context, the reader is reminded that the Eoalpine equilibrium assemblage differs between the rocks in the Pohorje region and those of the Plankogel Unit. In the Pohorje rocks, the Eoalpine event is interpreted to have overprinted all relics of a Permian event ) so that the Eoalpine equilibrium assemblage is the complete assemblage reported above and garnet cores can be used as part of this paragenesis (Tab. 3). In contrast, the rocks from the Plankogel Unit (samples AH4, AH63, AH68, AH66, AH70, AH83 and AH87) still preserve of data entered into the program. Nevertheless, sigfit values decrease, giving well-constrained results (Tab. 4). Thus obtained peak pressures seem to rise throughout the Pohorje mountains, starting with 16.2 ± 3.45 kbar in the north and rising to a maximum of 23.9 ± 2.49 kbar in the south. In between, pressures range from 18 to 22 kbar only to drop slightly again for the southernmost samples to 17.5 ± 4.06 kbar.
Discussion
The barometric data presented above may be interpreted in terms of a metamorphic field gradient if the derived pressures along the transect can be related to the same metamorphic event. For the Plankogel Unit, it can be assumed that the calculated formation pressures correspond to the Cretaceous peak conditions since the Plankogel Unit does not exhibit significant signs of a post Eoalpine re-equilibration event and Permian relics were avoided during the analyses. In contrast, the rocks from the Pohorje region contain no Permian relics and the highest obtained pressures are interpreted to be related to the Eoalpine peak. Similarly, in the Koralpe, highest pressures derived by Tenczer and Stüwe (2003) are inferred to be the Cretaceous Eoalpine peak. Hence, the pressures derived for the Plankogel Unit can be compared with the highest obtained pressure values from the Pohorje and Koralpe regions in terms of a metamorphic field gradient.
The derived formation pressure conditions yield an interesting peak metamorphic field gradient for the study area (Fig. 5) . In summary from above, pressures in the Plankogel Unit including the calculated error margin range from 5.15 kbar to 14.92 kbar and only two samples yield values above 13 kbar. In the Pohorje mountains, peak pressures are generally higher and values from 13.05 kbar to 26.39 kbar were derived. The pressure data from the Pohorje may be fitted by a field relics of the Permian metamorphic event in garnet cores (Thöni and Miller, 2009) . Therefore, pressures for the Plankogel Unit were determined by using chemical data from the garnet rims and the rest of the assemblage.
Using the complete Eoalpine equilibrium assemblage, calculations yield pressure values around 10 kbar for all analyzed samples from both the Plankogel Unit and the Pohorje mountains ( Fig. 5; Tab. 4a) . The lowest obtained value is 7.1 ± 1.95 kbar, whereas the highest value is 12.9 ± 1.82 kbar with this range being similar for both the Plankogel Unit and the Pohorje mountains. Most pressures range between 9 and 11 kbar. The best method to achieve pressure values as accurate as possible proved to be to change temperature conditions within THERMOCALC and to repeatedly replace individual measurements of the same mineral with each other. For the re-equilibrated conditions, it worked best to use measurements of minerals in close proximity to each other. Pressures were iteratively calculated for a series of temperatures, but the results given here are for 650 °C which gave the smallest error bars on the pressures and is also consistent with the temperatures for a late stage equilibration event along the decompression path suggested by Janák et al. (2009 ), Janák et al. (2015 , Schorn and Stüwe (2016) or Hurai et al. (2010) .
Using only the assemblage of g + mu + ky + q, significantly higher pressures were obtained for some rocks, in particular those in the Pohorje mountains ( Fig. 5 ; Tab. 4b). Best results were obtained for an assumed formation temperature of 700 °C. Some samples did not yield any results by using the assemblage of g + mu + ky + q which explains the smaller amount of results for peak metamorphic conditions (Fig. 5) . Kyanite is only present in a few thin-sections. For the Plankogel Unit, PT calculations with this reduced assemblage yield similar results to the conditions reported above. However, for the Pohorje rocks, the error margin increased due to the smaller amounts gr + q + 2ky = 3an 4phl + 3cel + 12ky = 5py + 7mu gr + 2pa + 3q = 3an + 2ab + 2H 2 O 2ann + mu + 6q = alm + 3fcel phl + east + 6q = py + 2cel ann + q + 2ky = alm + mu 2phl + mu + 6q = py + 3cel gradient of about 1.3 kbar / 10 km (Fig. 5) . This gradient is a minimum estimate, because the transect line is not normal to the metamorphic isograds, the orientation of which is not exactly known. However, the derived gradient is consistent with metamorphic pressure data from the southern Koralpe (Tenczer and Stüwe, 2003) (Fig. 5,  left margin) . Moreover, extrapolation of this gradient to the north results in pressures around 10 kbar some 50 km north of the Plankogel detachment, consistent with the metamorphic pressures of the Gleinalpe complex (Neubauer et al., 1995) . To the south, this gradient may be extrapolated into the SBUC where there is a debate about the magnitude of the peak metamorphic pressures (Janák et al., 2004; . The finding of diamonds by Janák et al. (2015) Figs. 1 and 2 . The black triangles represent the Plankogel Unit, the black circles represent the peak metamorphic conditions of rocks in the Pohorje area, the white squares represent the decompression conditions of the Pohorje area and the white circles show pressures determined by Tenczer and Stüwe (2003) . The transect starts in the Koralpe to the north and ends in the south where the Pohorje mountains dip below the sediments of the Pannonian Basin. The darker shaded area shows the rising pressures from north to south and the lighter shaded area represents the re-equilibrated pressures. The line fitting the peak metamorphic conditions represents the interpreted field gradient discussed in section 5. Table 4 : (a) Results of P calculations using the full inferred equilibrium assemblage and an assumed formation temperature of 650 °C. (b) Results of P calculations with the assemblage g + mu + ky + q for an assumed formation temperature of 700 °C. and a second exhumation stage must be invoked to exhume the transect from mid-amphibolite facies conditions to the surface. However, the Plankogel Unit separates the eclogite facies rocks of the Koralpe from the eclogite facies rocks of the Pohorje. This interruption questions the relationship between the high pressure rocks in the Koralpe and the Pohorje and the model of slab extraction in general because it allows two possible interpretations that differ with respect to the structural position of the Plankogel Unit. These two possibilities are difficult to resolve in the field because of Miocene and post-Miocene cover.
The first model suggests that the south-dipping PGPK shear zone as well as the Plankogel Unit continue downwards at depth and separate the Pohorje mountains from the Koralpe. Within this model, the Pohorje mountains could not have been situated in the footwall of the same extracted slab as the Koralpe. This would imply that the Pohorje followed a different tectonic history. Due to the high pressures reported for the SBUC, the high grade rocks in the Pohorje mountains must have been located even deeper within the crust than those in the Koralpe. South of the subduction zone, another tectonic contact could potentially have hosted the rocks of the Pohorje region. In view of the pressure values clearly rising consistently from the Koralpe to the Pohorje, this model is considered to be unlikely.
The second model invokes a vertical offset of the Pohorje relative to the Koralpe due to later processes, for example during normal faulting (Fig. 7) . Within this model, the Koralpe and Pohorje rocks both resided in the footwall of the same extracted slab (Fig. 6 ). For this model, a shear zone system must be invoked that displaces the rocks of the Pohorje mountains and the overlying Plankogel Unit upwards relative to the Koralpe by several kilometers so that the south dipping Plankogel Unit is eroded everywhere south of this fault system (roughly in the Drava valley). This offset must be large enough so that the Plankogel Unit does not re-appear at the southern end of the Pohorje mountains. Here we suggest that such shearing with normal sense of shear must involve also at least about 10 kilometers of vertical south-side-up offset of the Pohorje relative to the Koralpe causing at least part of the second stage of exhumation. Invoking normal faulting (Fig. 7) provides an elegant explanation for both the observed relative position of the different lithologies as shown on Fig. 2 and a tectonic process that causes the antiform, which is interpreted to be an isolated fold structure that formed during the exhumation processes (Kirst et al., 2010) . As such, the extremely high pressure of the SBUC rocks do not contradict the extrapolation of the field gradient to the south. This extrapolated field gradient indicates some 22 kbar for the formation pressures in the general region of the SBUC (Fig. 5) , supporting the interpretation of Sassi et al. (2004) and Janák et al. (2009) .
Tectonic interpretation
The pressure gradient across the high pressure belt of the Eastern Alps has been interpreted to represent a south-to eastward-dipping subduction zone (e.g. Janák et al., 2004) . The Pohorje mountains metamorphic conditions are consistent with this concept since they exhibit very high pressures. Indeed, the metamorphic field gradient inferred here (1.3 kbar/10 km) corresponds to a depth increase of about 0.49 kilometer per kilometer in the field (assuming lithostatic pressure and a density of 2700 kg/m 3 for the overlying rocks). While there has been some debate on the influence of non-lithostatic pressures during metamorphism of the Eoalpine high pressure belt (Ehlers et al., 1994) , a lithostatic interpretation for the pressures is geometrically elegantly interpreted: It may be seen as evidence for a subduction zone dipping with 45° to the south that was later tilted into a horizontal position due to extraction of a slab in its hanging wall (Fig. 6) . The surface of this subducted slab may correspond to the entire transect from the northern Koralpe to the southernmost Pohorje, with the exception of the structural perturbation of the Slovenska Bistrica antiform at the southern end of the transect that formed during the exhumation processes (Kirst et al., 2010) . Within this model, the Plattengneis-Plankogel detachment (PGPK shear zone) may be interpreted as the trace of the slab extracted above the subducting plate with the Plankogel Unit representing the hanging wall of the extracted slab (Schorn and Stüwe, 2016) (Fig. 6 nd stage of exhumation. Indeed, several authors have suggested that extensional processes played a role during the exhumation of the Koralpe region. For example, Neubauer et al. (1995) has recognized significant late Cretaceous extension processes during exhumation of the Gleinalpe to the north and Fodor et al. (2002) has suggested that east -to north-east-directed low angle extensional shearing is responsible for the exhumation of the Pohorje mountains. Low angle normal faulting in the region is also consistent with the serrated outcrop pattern of different units as shown in Fig. 2 . While much of this normal faulting is likely to have occurred during the latest Cretaceous, the final exhumation may have occurred as late as the Early to Middle Miocene as demonstrated by apatite and zircon fission track ages of 19 -10 Ma and K -Ar mica ages of 19 -13 Ma from country rocks of eclogites and metaultrabasites (Fodor et al., 2002) . Nevertheless, we suggest that the homogeneity of the amphibolite facies metamorphic conditions following the slab extraction process along the (Fig. 5) indicates that final exhumation was mostly driven by erosion driven denudation.
Conclusion
In this study, geothermobarometry has been used to constrain the tectonic and metamorphic history of the southern part of the Eastern Alps. In summary, the following can be concluded: (i) Pressures to the south of the eclogite facies units of the Koralpe drop within the area of the Plankogel Unit to 7.1 ± 1.95 -11.5 ± 3.42 kbar at an estimated temperature of 650 °C. (ii) In the Pohorje region, pressures for high metamorphic grade metapelites exhibit values from 9.7 ± 2.54 kbar to 12.9 ± 1.83 kbar at 650 °C for decompression conditions and peak metamorphic pressures that rise from 16.2 ± 3.45 kbar in the north to 23.9 ± 2.49 kbar at 700 °C in the south. (iii) The entire Koralpe and Pohorje regions can be fitted with a metamorphic field gradient of about 1.3 kbar per 10 kilometers corresponding to the depth increase of 0.49 km per kilometer along a north-south transect. (iv) The good correspondence between the conditions in the northern Pohorje and southern Koralpe suggests that the Koralpe and Pohorje mountains were subducted together during the Eoalpine metamorphic event and subsequently partly exhumed to mid-amphibolite facies conditions due to slab extraction within the subduction zone. The Plattengneis Plankogel shear zone represents the trace of this extraction (Schorn and Stüwe, 2016) . (v) Exhumation from the mid-amphibolite facies conditions to the surface occurred during a 2 nd exhumation stage that is best interpreted as an extensional faulting event. Invoking such an event is consistent with extensional processes as inferred by Neubauer et al. (1995) or Fodor et al. (2002) and the mapped distribution of lithologies in the field. Table S1 : Representative garnet compositions for samples from the Plankogel Unit.
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